Background--Individuals receiving cross-system care (dual users) have higher rates of healthcare utilization and worse outcomes for heart failure (HF) and other conditions. Individuals can be dual users or single-system users at different times, though, and little is known about utilization and mortality within discrete episodes of care.
C hronic heart failure (HF) is a serious chronic illness with significant morbidity and mortality that affects %6.5 million American adults. 1 HF is associated with %1.1 million hospitalizations and 3.4 million ambulatory care visits annually. 2 Over 20% of patients hospitalized for HF are rehospitalized within 30 days, and almost a quarter of these patients are seen in an Emergency Department (ED) within 30 days after hospitalization for HF. 3 Within the Veterans Health Administration (VA), HF is also a common cause for hospital admission and potentially avoidable hospital readmission. While health care delivered across settings is often necessary, especially during instances of acute illness or in areas with limited access to care, emerging evidence suggests that fractured care can be less efficient and less safe. [4] [5] [6] [7] Evaluating cross-system care is relevant given Center for Medicare and Medicaid Services penalties enacted through the Affordable Care Act related to all-hospital 30-day readmission rates as well as ongoing Center for Medicare and Medicaid Services Accountable Care Organization demonstration projects in which healthcare organizations manage patient populations while sharing in financial risk with Center for Medicare and Medicaid Services. 8 Dual use is also important in VA in the wake of the Veterans Access, Choice, and Accountability Act of 2014, which significantly increased rates of care for Veterans in community settings. 9 Among patients with HF, %19% of hospital readmissions for HF occur at a different hospital the second time around. 10 Within VA, dual healthcare system use (dual use) occurs when Veterans enrolled for VA care also receive care from non-VA providers or healthcare facilities. Dual use is particularly common in the Veteran population where a majority of cardiovascular disease hospitalizations for VA-enrolled patients occur at non-VA facilities. 11 Our research team recently found significantly higher rates of ED visits for HF (adjusted rate ratio 1.15, 95% confidence interval [CI] 1.04-1.27), hospitalization for HF (adjusted rate ratio 1.4, 95% CI, 1.26-1.56), and all-cause hospital readmission after HF hospitalization (1.46, 95% CI, 1.30-1.65) among individuals who were dual users as compared with VA-only users. 12 However, this study and most other studies of dual use to date have focused on dual use at the patient level, categorizing individuals as dual users or single system users. 4, [13] [14] [15] While this approach is instructive and likely captures longterm risk at the individual level, such analyses may separate the exposure (dual use) from short-term outcomes of interest.
In other words, dual use is not a static attribute since an individual may receive single system or dual system care at different points in time along their care continuum. Thus, additional analytic approaches are needed to fully characterize association between acute health care for HF and shortterm untoward health outcomes. An episode of care framework presents 1 alternative to person-level analyses in which healthcare encounters related to an acute illness are grouped together temporally into discrete observations. 16 This approach has been used in the past to analyze healthcare utilization and costs for specific conditions such as diabetes mellitus complications, pneumonia, and asthma, and it has been used to compare costs and efficiency across physicians and health insurance plans. [17] [18] [19] Using combined administrative data from VA, Medicare, and a state-level all-payer claims database, we constructed an inclusive cohort of episodes of acute HF care. The primary objective of this study was to analyze differences between single system (all-VA or all non-VA) episodes versus dual use episodes of acute HF care. We hypothesized that dual use episodes of care would be associated with higher subsequent healthcare utilization and mortality.
Methods
Data used in this study will not be available for use by other researchers. However, upon request, the methods used in the analysis can be made available for purposes of reproducing the results or replicating the procedure. What Are the Clinical Implications?
Study Population
• Veterans receiving heart failure care across healthcare systems tend to be sicker with a higher burden of chronic diseases, a marker of higher risk itself.
• When accounting for medical comorbidity and other clinical factors, episodes of cross-system hospital care appear to be associated with higher risk for poor outcomes.
ED visit or hospitalization (referred to as the index visit) and continuing to 30 days after discharge. 
Main Exposures of Interest Pertaining to the Episode of Care
Episodes of care were further categorized as to whether the care subjects received within that episode made them a VAonly user, non-VA-only user, or dual users during that episode based on the same criteria as used to determine whether or not an episode was a HF episode of care. Type of first care was defined as ED visit or hospitalization based on where the patient first received care for that episode.
Unit of Analysis and Outcome Measures
The unit of analysis is at the episode level for the utilization outcomes and at the patient level for mortality. An individual patient can have multiple episodes, and outcomes pertain to each episode for the utilization outcomes. Primary outcomes for this analysis were adjusted odds ratios for having an ED visit within 30 days of an index visit; having a heart failure ED visit within 30 days of an index visit; being hospitalized within 30 days of an index visit; and having a HF hospitalization within 30 days of an index visit. Additionally, adjusted hazard ratios were calculated for mortality.
Covariates at the Episode Level
Covariates of interest at the episode level include whether a patient had a primary care visit within 15 days before their index visit or 30 days after their index visit (ie, when the index visit included a hospitalization within the 30 days started at discharge); whether a patient had a cardiology visit within 15 days before their index visit or 30 days after their index visit; and whether the episode was the first, second, third, or fourth (or more) episode a patient had experienced.
Covariates at the Person Level
Covariates of interest at the person level included age; sex; race/ethnicity, classified as non-Hispanic white, non-Hispanic black, Hispanic, and other/missing/unknown; marital status categorized as married, divorced, widowed, never married, unknown; location of residence categorized as urban, rural, highly rural, or missing; and service-connected disability classified as ≥50% or <50%. Service-connected disability is a marker for disease burden, has implications for copayments within VA, and has been used in prior investigations of Veteran patients. 21, 22 Comorbidity burden was measured using the van Walraven Elixhauser score 23, 24 as well as by examining the total number of episodes and the number of HF episodes a patient contributed to the analysis.
Statistical Analysis
Characteristics of the sample were first examined through univariate analysis. Balance of covariates among the 3 dual use categories (VA only, non-VA only, Dual Use) was assessed using the v 2 test for categorical variables and F test for continuous variables. Moreover, before outcome models were fitted, univariate association of the dichotomous outcomes (all-cause ED visits and HF-specific ED visits) and mortality with continuous and categorical variables were performed via t test and v 2 tests, respectively. Then, the models for the relationship between the 2 outcomes with dual use were developed adjusting for a group of predictors (age, race/ ethnicity, sex, marital status, service-connected disability, rurality, and van Walraven Elixhauser score). In order to estimate the parameters for the association between the dichotomous outcomes and covariates, we fitted a multivariable logistic regression model using generalized estimating equations accounting for the clustering of episodes by patient using Proc GENMOD in SAS 9.4. 25 Several correlation structures were considered to capture the within-subject correlation of outcomes, and a compound symmetry structure was the best fit. Robust variance was used to make inference. For the mortality outcome, we fitted a multivariable Coxregression model in a sequential fashion adjusting for domain of covariates (demographic and clinical) using Proc PHREG of SAS 9.4. 26, 27 We assessed the tenability of the assumption of proportional hazards for the Cox model using log-log and Kaplan-Meier plots ( Figure) and by including a survival-time by covariate interaction (P=0.725) into the model, which all showed that proportional hazards is tenable. For all models, clinically relevant variables pertaining to the study hypothesis (eg, age) were added and interactions were explored systematically. Model diagnostics were done via residual analysis.
Results
The study cohort consisted of 3439 Veterans age at least 65 years who experienced a total of 5231 HF episodes ( Table 1 ). The mean age of the cohort at enrollment was 77.6 years, 98.9% were males, 79.4% were non-Hispanic white veterans, and 56.5% of patients resided in urban areas. The mean van Walraven Elixhauser comorbidity score was 25.7, indicating a high comorbidity burden with 67.5% of the cohort contributing a single HF episode, 20.2% contributing 2 HF episodes, 7.7% contributing 3 HF episodes, and 4.5% contributing 4 or more HF episodes. At the level of the episode, 20.2% of all HF episodes had a hospitalization as their index visit, while 79.8% had an ED visit as their index visit (Table 2) . Dual use episodes were more likely to be initiated in the hospital (17.4%) than only-VA episodes (13.6%). With respect to primary care, of all HF episodes 30.5% had a primary care visit within 15 days before their index visit, and 43.6% had a primary care visit within 30 days after their index visit. Dual use episodes were more likely to have a primary care visit before as well as after their index visit (43.6% prior; 58.6% after) when compared with only-VA episodes (18.7% prior; 41.8% after). Dual use episodes were also more likely to have a cardiology visit before as well as after their index visit (23.8% prior; 32.2% after) when compared with only-VA episodes (16.7% prior; 26.6% after). Of the episodes that included a hospitalization, the median length of hospitalization was 2.0 for dual use episodes, 3.0 for only non-VA episodes, and 1.0 for only-VA episodes. Of the 5231 HF episodes included, 65.7% were the first episode a patient contributed, 21.4% were the second episode a patient contributed, 8.1% were the third, and 4.8% were the fourth or more episodes a patient contributed.
Focusing on outcomes of interest, 32.7% of dual use episodes resulted in an ED visit within 30 days of the index visit as compared with 23.0% of only-VA episodes and 20.8% of only non-VA episodes (Table 2) . Similarly, hospitalization within 30 days of an index visit was more likely for dual use episodes (22.9%) than only-VA episodes (13.7%) and only non-VA episodes (17.7%). Table 3 shows the adjusted odds ratio (OR) estimates for site of episode (ie, comparing dual use and non-VA-only episodes to VA-only episodes) and type of first care (ie, comparing hospitalization to ED visit episodes) for a number Table 4 shows the adjusted hazard ratio (HR) estimates for site of episode (ie, comparing dual use and non-VA-only episodes to VA-only episodes) and type of first care (ie, comparing hospitalization to ED visit episodes) for all-cause mortality adjusted for age, race/ethnicity, sex, marital status, service-connected disability, rurality, and van Walraven Elixhauser score. The sequential models for the mortality analysis are reported in Table S1 (Table S2) as well as the subset of patients surviving more than 30 days (Tables S3 and S4) . Results were similar to those presented in Table 4 .
Discussion
Our study is one of the first to analyze dual healthcare system use at the episode of care level for patients with acute HF exacerbation. We observed that dual use episodes (those spanning across VA and non-VA facilities) were associated with higher rates of subsequent visits to EDs, higher rates of subsequent hospitalization, and higher risk for mortality as compared with VA-only visits. These findings differ slightly from an earlier study by Ajmera and colleagues that analyzed the impact of dual use on ambulatory care sensitive hospitalizations including HF and did not find significant differences in rates of ambulatory care sensitive hospitalization. However, our findings add to evidence on the association between dual use measured at the individual level and increased healthcare utilization as well as adverse outcomes. For example, Jia and colleagues observed higher hospital readmission rates and mortality among dual users after stroke, and Tarlov and colleagues observed higher mortality among dual users of colon cancer care. 28, 29 More recently, Bolden and colleagues found that dual system care was associated with lower likelihood of wound healing in patients with chronic pressure ulcer. 30 What are the potential mechanisms by which dual use leads to higher rates of acute healthcare utilization and mortality, and how might these impacts be mitigated? Clearly, patient preference plays a role in choice for site of health care. In qualitative interviews, we observed that consistent dual users were more likely to express dissatisfaction with VA access to care and care coordination. 31 Such patients risk fractured outpatient care, though. Dual use has been associated with duplicative testing and poorer hemoglobin A1c control among patients with diabetes mellitus, and similar mechanisms could apply to HF care. 4, 5 It is also true that patients may not always get to choose where they receive urgent or emergent care for HF. Especially for rural Veterans, travel to VA facilities may not be possible when acutely ill, and many municipalities require ambulances to deliver patients to the nearest acute care facility regardless of patient preference. We have also observed that many dual users of HF care were inadvertent 1-time non-VA users for these reasons. 31 Risks related to fractured care may accrue to these Veterans, nevertheless.
To the extent that HF is an ambulatory care-sensitive condition, one might posit that dual users actually have increased access to primary and specialty care early in HF exacerbations that could be protective. In fact, we observed fairly high rates of primary care and cardiology clinic visits within the 2 weeks before index acute care events across all episode types, with the highest rates in the dual use category. Thus, more clinic visits did not appear to mitigate ED visit and hospitalization rates in our sample. Similarly, early clinic follow-up after hospitalization has been associated with lower risk for hospital readmission among patients with HF and other high-risk patient groups.
32-34 However, we observed high rates of postdischarge follow-up within 30 days of hospitalization for HF in all episode types, with highest rates in dual use episodes. Nevertheless, in our sample dual use episodes of care were associated with higher unadjusted ED visit rates after index acute care visits and higher unadjusted hospital readmission rates as compared with VA-only and all non-VA episodes care. It is possible that increased access to care provided more opportunities for providers to observe the high symptom burden in such patients, a finding previously reported. 35 Several lines of evidence document poor communication and information exchange between inpatient and outpatient healthcare providers, and this effect is likely magnified in care delivered across healthcare systems. 36 For instance, hospital discharge summaries are frequently unavailable at the time of first hospital follow-up, and deficiencies in timeliness and quality exist. 37 Within the VA healthcare system, records from outside hospital facilities must be optically scanned into a separate area of the electronic health record not readily visible to VA providers, and similar challenges exist in sharing information from VA to the community. 38 Improved efforts toward information exchange are clearly warranted. While some patient-focused strategies such as the VA's Blue Button program show promise, the breadth of dissemination and impact of such programs are not yet clear. 39, 40 Medication errors and medication-related adverse events are another powerful contributor to poor care transitions, and these may be more likely to occur during cross-system episodes of care. 41, 42 Several investigators have described challenges in medication prescribing between VA healthcare providers and community providers. 43 , 44 Gellad and colleagues recently analyzed opioid prescribing among Veterans dually enrolled in VA pharmacy benefits and Medicare Part D, and they observed that 26% of patients prescribed buprenorphine had overlapping prescriptions across programs and that 11% of patients had overlapping benzodiazepine prescriptions. 7 In addition, Thrall and colleagues recently analyzed care coordination and medication reconciliation among high-risk transplant patients receiving cross-system care. 45 They found very high rates of overlapping care for chronic comorbid conditions and discrepancies in medication regimens across systems as well as instances of inadequate immunosuppressant drug monitoring. These findings complement observations by other investigators that highlight high rates of incomplete postdischarge diagnostic evaluations and follow-up of abnormal laboratory values after hospital discharge. 46 Our study should be interpreted with attention to certain limitations. First, this observational study used administrative data sets, which are subject to the inherent limitations including possible endogeneity between our exposure (dual use) and the error term for our utilization outcomes of interest. Accordingly, we have been careful not to assume a direct causal relationship between dual use and increased ED visits and hospitalizations. We also controlled for variations in known likely confounders at the patient level and at the episode level, including type of first acute care (ie, ED visit or hospitalization), though it is possible that unobserved variables associated with likelihood of dual use episodes and our outcomes of interest could have confounded our results. Our study was performed on a sample of predominantly male Veterans receiving care in 1 Southern state. Thus, care should be taken in generalizing our findings to female Veterans with HF or to other geographic regions. Third, it must be acknowledged that the timeframes we selected before and after index encounters for acute HF care were somewhat arbitrary. Some healthcare encounters may have been incorrectly included or excluded from a given episode of HF care, and manipulation of timeframes could conceivably alter results. However, the timeframes we chose were slightly more restrictive than those used in a prior study of acute episodes of pneumonia such that we were less likely to include encounters unrelated to a given HF exacerbation. 18 Finally, patients who were high utilizers may have been more likely to experience dual system use. We expect that our findings will be of interest to healthcare practitioners and policymakers within and outside the VA system. Within VA, the Veterans Access Choice and Accountability Act of 2014 and its associated Veterans Choice Program have significantly increased the care of Veterans in the community, and there is recognition of the challenges that dual use presents. 47 For example, the VA Office of Community Care is currently piloting programs designed to identify community-hospitalized Veterans in real time and to better coordinate care for these Veterans as they reintegrate into the VA system (Greenstone L. Personal communication, November 30, 2016) . Community healthcare systems are also more acutely focused on coordination of care across facilities. In 2016, almost 80% of US hospitals received penalties for high hospital readmission rates for target conditions including HF through the Center for Medicare and Medicaid Services Hospital Readmission Reduction Program. 48 Also, the recent Medicare Access and Chip
Reauthorization Act mandates expanded merit-based incentive payments and alternative payment models that encourage longitudinal care across place and time. [49] [50] [51] If cross-system care is associated with higher rates of subsequent ED visits, hospitalizations, and mortality, these initiatives may be beneficial. However, individual programs must address care coordination, information sharing, medication safety, and follow-up care across healthcare systems as described above. Additional research is needed to identify optimal models of care across systems, including studies that focus on patient-reported outcomes of satisfaction with care and impressions of care quality.
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